To date, a small number of studies concerning the effects and safety of tenofovir disoproxil fumarate (TDF) in Chinese individuals were conducted. In this study, we aimed to assess the antiviral effects and nephrotoxicity of TDF in Chinese patients with chronic hepatitis B virus (HBV) infection.
Introduction
According to the statistics, more than 240 million individuals have been chronically infected with hepatitis B virus (HBV) worldwide, and those are at high risk of developing liver cirrhosis (LC) or hepatocellular carcinoma (HCC). [1] HBV resistance to nucleos(t)ide analogs (NAs), resulting from the wide use of lamivudine (LAM) and adefovir dipivoxil (ADV) in the last decade, has become a health problem in China. [2, 3] Tenofovir disoproxil fumarate (TDF), possessing potent and sustainable antiviral efficacy, has been reported to be efficacious and safe for patients with multidrug-resistant HBV infection as a rescue therapy. [4, 5, 6] Long-term TDF therapy may lead to regression of liver fibrosis, and also reduce the risk of HCC in patients with and without LC. [7, 8] Due to the potent effect and high barrier to resistance, TDF is recommended to treatment-naïve and treatment-experienced patients. [9] However, nephrotoxicity of TDF remains a controversial concern. A study showed that estimated glomerular filtration rate (eGFR) did not remarkably change during 3 years TDF treatment irrespective of prior treatment history. [10] Trinh et al reported that TDF was not associated with higher risk of renal dysfunction among patients with normal baseline eGFR, while renal function deteriorated significantly in patients with baseline renal impairment. [11] Nevertheless, 2 recent studies showed that patients receiving TDF treatment-experienced higher rate of eGFR loss compared with those receiving entecavir (ETV), [12] and TDF could be an independent risk factor associated with renal dysfunction. [13] Regarding widespread use of TDF in patients with prior ADV therapy, nephrotoxicity of TDF should be monitored during long-term follow-up.
To date, a limited number of real-world studies concerning the effects and safety of TDF in Chinese patients were conducted. [14, 15] In the present study, we aimed to evaluate the antiviral effects and nephrotoxicity of TDF in Chinese patients with chronic HBV infection.
Methods

Study population and data collection
Patients with chronic HBV infection (non-LC and LC), who initiated the first prescription of TDF between January 2016 and May 2017, were prospectively recruited. Non-LC was defined as chronic necroinflammatory liver disease caused by HBV infection, without LC. [16] LC was defined based on the ultrasound or histopathological test. [17] Patients with immunodeficiency diseases, autoimmune diseases, co-infection with other hepatitis viruses, alcoholic liver disease or cancer, were excluded. Treatment-experienced patients were defined as patients with NA monotherapy or combination therapy for at least 1 year (Table 1) , and were directly switched to TDF due to persistent viremia. Demographic and laboratory data, including age, sex, alanine transaminase (ALT), aspartate aminotransferase, total bilirubin, albumin, cholesterol, glucose, creatinine, phosphorus, HBV serologic markers, HBV DNA, were collected at baseline, 4th, 24th, 48th, and 96th weeks.
The study was approved by the Ethics Committee of our Hospital, and the written informed consents were obtained from all the patients as well.
Virologic response (VR), HBV serological response and renal toxicity
The efficacy endpoints included the VR and hepatitis B e antigen (HBeAg)/anti-HBe seroconversion at 96th week. The VR was defined as achieving an undetectable serum HBV DNA level (lower limit of detection, 20 IU/mL; Cobas Taqman HBV test Roche AG, Basel, Switzerland). HBeAg/anti-HBe seroconversion was defined as undetectable HBeAg combined with positive anti-HBe (Murex Abbott, Chicago, IL). The secondary endpoint was nephrotoxicity, which was defined as a confirmed elevation in serum creatinine of 0.5 mg/dL, or a decline in eGFR of ≥25% from baseline during TDF treatment. [18] In addition, eGFR was calculated according to the Chronic Kidney Disease Epidemiology Collaboration equation. [13] 
Statistical analysis
All data were analyzed by using SPSS 17.0 software (SPSS Inc, Chicago, IL). Continuous variables were presented as mean ± standard deviation, and were compared using student t test or 1-way analysis of variance test followed by post hoc least significant difference test. Categorical variables were expressed as frequencies, and analyzed by the Chi-square test. Independent predictors for eGFR 90 mL/min/m 2 were analyzed using univariate and multivariate logistic regression analyses. A 2-sided P-value < .05 was considered statistically significant.
Results
Baseline characteristics of patients
A total of 116 patents including 71 HBeAg positive and 45 HBeAg negative patients, were recruited. Of these, 11 patients Table 1 Characteristics of patients at baseline.
Variables
CHB (n = 72) LC (n = 33) t or x 2 -value P-value Table 1 . The available data can be downloaded from Supplementary Materials, http://links.lww.com/MD/D296. Positive HBeAg was more common (x 2 = 11.348, P = .001) and HBV DNA levels (t = 0.991, P < .001) were higher in the non-LC group than those in LC group. More patients in the non-LC group were treatmentnaïve compared with those in the LC group (x 2 = 11.154, P = .001), and more patients had previously received ADV therapy in the LC group (x 2 = 15.195, P < .001). For the comorbidities, the proportions of patients with hypertension were compared between non-LC and LC groups (x 2 = 1.018, P = .376), while more patients were diagnosed with diabetes in the LC group (x 2 = 5.747, P = .033).
Moreover, eGFR at baseline was significantly lower in patients with LC than that in patients with non-LC (t = 2.224, P = .028). No significant difference was found in baseline creatinine and serum phosphorus between the 2 groups (t = À0.686 and 1.828, P = .494 and .071, respectively).
There was no significant difference in baseline creatinine, eGFR, and phosphorus between patients with prior ADV therapy and treatment-naïve patients (t = À1.073, 1.674 and 0.950, P = .286, .097, and .344, respectively). Besides, 5 patients with diabetes and 6 patients with hypertension had no significant difference in baseline creatinine, eGFR, and phosphorus compared with patients without comorbidities. Baseline eGFR of older patients (age ≥65 years old) was lower than that of younger patients (age <65 years old) (t = À2.118, P = .037), while there was no significant difference in baseline creatinine and phosphorus between these 2 groups (t = 1.480 and 0.799, P = .142 and .426, respectively).
Virologic, biochemical, and serologic responses
As shown in Figure 1A , patients who achieved VR were comparable between non-LC and LC groups at the 48th and 96th
weeks (x 2 = 0.011 and 1.779, P = .616 and .232, respectively). Irrespective of the treatment-experienced history, >95% of patients achieved VR by 96 weeks (Fig. 1B) . One treatment-naïve patient with high HBV DNA levels (8.33 lg IU/mL) at baseline, had detectable HBV DNA levels (252 IU/mL) at the 96th week. Moreover, 1 patient with telbivudine-resistance history and 1 patient with ETV-resistance history had persistent low levels of HBV DNA (549 IU/mL and 145 IU/mL, respectively) combined with normal ALT.
Of the 66 patients who were HBeAg positive at baseline, 14 (21.21%) patients lost HBeAg, and 2 (3.03%) patients achieved HBeAg/anti-HBe seroconversion at the 96th week of TDF treatment. In addition, 1 patient in HBeAg(+) non-LC group achieved HBeAg/anti-HBe seroconversion at the 48th week and lost HBsAg at the 96th week.
At the 96th week of TDF treatment, only 3 patients had ALT elevation. Among them, 2 patients suffered from non-alcoholic fatty liver disease, and another patient developed HCC during TDF treatment, and received transcatheter arterial chemoembolization therapy. Moreover, the HBV DNA level was undetectable in the 3 patients.
Nephrotoxicity of TDF in patients with LC
Although basal eGFR in patients with LC was lower than that in patients with non-LC, no significant difference was found in creatinine, eGFR, and phosphorus at the 48th or 96th week between the 2 groups. Data obtained from this study showed that eGFR declined significantly in the first year of treatment in patients with non-LC (P < .001), while that was not observed in the patients with LC (P = .311). However, no patient had an eGFR lower than 60 mL/min/1.73 m 2 or discontinued due to an adverse side-effect. Unexpectedly, eGFR was partially recovered at the 96th week for both groups (Fig. 2 ).
Nephrotoxicity of TDF in older patients (≥65 years old)
In 87 younger patients (age <65 years old), there was a significant decline in eGFR at the 48th and 96th weeks, while the serum creatinine declined (P = .009), and eGFR significantly increased (P = .028) at the 96th week compared with those at 48th week 
Nephrotoxicity of TDF in patients with prior ADV therapy
In 27 patients with prior ADV therapy, serum creatinine increased (P = .039), while eGFR declined (P = .033) at the 48th week ( Fig. 4) . Then, the serum creatinine declined and eGFR increased at the 96th week, and there was no significant difference in creatinine and eGFR between 96th week and baseline (P = .215 and .319, respectively). Similar to patients with prior ADV therapy, creatinine in 78 patients without prior ADV therapy significantly increased and eGFR decreased at the 48th week compared with baseline (both P < .001). Although creatinine declined (P = .055) and eGFR increased (P = .082) at the 96th week from 48th week, the creatinine level was higher and eGFR level was lower at 96th week compared with baseline (P = .006 and .005, respectively).
Nephrotoxicity of TDF in patients with diabetes and hypertension
In the 5 patients with diabetes and 6 patients with hypertension, no significant difference was found in creatinine, eGFR or phosphorus during the 96 weeks of follow-up. Among the 105 patients, 32 patients had a basal eGFR <90 mL/ min/1.73 m 2 . In the 32 patients with a basal eGFR <90 mL/min/ 1.73 m 2 , there were no significant changes in serum creatinine, phosphorus, as well as eGFR during 96 weeks of follow-up (all P > .05). In 73 patients with a basal eGFR >90 mL/min/1.73 m 2 , there was a significant decline in eGFR at the 48th week (P < .001). The eGFR at the 96th week did not increase significantly from 48th week (P = .105), and was lower compared with baseline (P < .001). Fifty-two patients had eGFR <90 mL/min/1.73 m 2 at the 96th week, and 7 patients had a decline in eGFR of ≥25% from baseline. Then, we analyzed the risk factors for eGFR <90 mL/ min/1.73 m 2 at the 96th week. As presented in Table 2 , univariate logistic analysis showed that total bilirubin (P = .063) and basal eGFR <90 mL/min/1.73 m 2 (P = .005) were associated with eGFR <90 mL/min/1.73 m 2 at the 96th week. Furthermore, multivariable analysis showed that basal eGFR <90 mL/min/1.73 m 2 (P = .001; odds ratio: 4.821; 95% confidence interval: 1.904-12.206) was the only independent risk factor for eGFR <90 mL/ min/1.73 m 2 at the 96th week.
Discussion
In the present study, we prospectively evaluated the efficacy and safety of TDF in Chinese patients with chronic HBV infection. The data suggested that efficacy of TDF was favorable in both treatment-naïve and treatment-experienced patients. Renal function declined in the first year, while it was partially recovered at the 96th week without TDF withdrawal. In addition, basal eGFR <90 mL/min/1.73 m 2 is the only independent risk factor for eGFR <90 mL/min/1.73 m 2 at the 96th week.
Consistent with Patterson et al's studies, TDF had potent effect in patients with LAM, ADV, or ETV-resistance. [19, 20] As mentioned previously, [2, 3] drug-resistance has been a clinical challenging problem in China due to the widespread use of low genetic barrier antivirals, thus TDF can be employed in case of multi-drug resistant HBV infection. In the present study, 12 (11.43%) patients had confirmed LAM-resistance, and 11 (10.48%) patients experienced sub-optimal response to ETV, and ETV was not appropriate for these patients. Therefore, we did not take ETV as control in the present study.
Nephrotoxicity has been reported during TDF treatment, especially in patients with lower baseline eGFR or prior ADV therapy. [11, 12] Consistent with a previous study performed on Korean individuals, [12, 21] data in the present study showed that Chinese patients with lower eGFR at baseline were also susceptible to have eGFR <90 mL/min/1.73 m 2 at the 96th week. Mechanisms of nephrotoxicity in the first 48 weeks may be various, including renal tubular injury, apoptosis, and mitochondrial toxicity. [22] Apart from a previous study, [23] the dynamic renal function showed an unexpected pattern in the present study, and patients with older age (≥65 years old), LC or basal eGFR <90 mL/min/1.73 m 2 experienced milder reduction in eGFR than expected. Multivariable analysis showed that a lower eGFR at baseline was the only independent risk factor for eGFR <90 mL/min/1.73 m 2 at the 96th week. So, there is no evidence that TDF causes a supplementary damage to renal function for these patients. Moreover, the gradual improvement of renal function in the subsequent 48 weeks remains elusive. It is suspected that a compensatory mechanism of renal function may exist after renal injury, and it may be difficult to recover in a short period.
There are some limitations in our study. First, the mechanisms underlying the recovered eGFR at the 96th week were not explored. Secondly, this is not a larger-scale study, thus multicenter real-world studies should be performed to assess its long-term nephrotoxicity.
Conclusions
In conclusion, TDF has potent antiviral effect in both treatmentnaïve and treatment-experienced patients. Moreover, basal eGFR <90 mL/min/1.73 m 2 is the only independent risk factor for eGFR <90 mL/min/1.73 m 2 at the 96th week.
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